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(57) ABSTRACT 

The present invention relates to a treatment for myocardial 
infarction and blood clots Within a patient, and more spe 
ci?cally to a therapy Which enhances clot lysis comprising 
administering to a patient an antibody directed to 012-anti 
plasmin crosslinked to ?brin (oQAP-FX) Which does not 
inhibit plasma 012-antiplasmin (a2AP). The invention also 
relates to a treatment for enhancing clot lysis comprising 
administering an antibody directed toWard 012-antiplasmin 
crosslinked to ?brin Which does not inhibit plasma 012AP 
together With a thrombolytic agent. 
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ANTIBODIES THAT BIND TO 
ALPHAZ-ANTIPLASMIN CROSSLINKED TO 
FIBRIN WHICH DO NOT INHIBIT PLASMA 

ALPHAZ-ANTIPLASMIN 

BACKGROUND OF THE INVENTION 

[0001] This application is a Continuation-In-Part of US. 
application Ser. No. 07/589,003 ?led Sep. 27, 1990 Which is 
a Continuation-In-Part of US. application Ser. No. 07/177, 
222 ?led Apr. 4, 1988, noW abandoned, the contents of both 
of Which are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a treatment for 
myocardial infarction and blood clots Within a patient, and 
more speci?cally to a therapy Which enhances clot lysis 
comprising administering to a patient an antibody directed to 
ot2-antiplasmin crosslinked to ?brin (ot2AP-FX) Which does 
not inhibit plasma ot2-antiplasmin ((XZAP). The invention 
also relates to a treatment for enhancing clot lysis compris 
ing administering an antibody directed toWard ot2-antiplas 
min crosslinked to ?brin Which does not inhibit plasma 
ot2AP together With a thrombolytic agent. 

BACKGROUND OF THE INVENTION 

[0003] The initiating event of many myocardial infarc 
tions (heart attacks) is the hemorrhage into atherosclerotic 
plaque. Such hemorrhage often results in the formation of a 
thrombus (or blood clot) in the coronary artery Which 
supplies the infarct Zone (i.e., an area of coagulation necrosis 
Which results from an obstruction of blood circulation). This 
thrombus is composed of a combination of ?brin and blood 
platelets. The formation of a ?brin-platelet clot has serious 
clinical rami?cations. The degree and duration of the occlu 
sion caused by the ?brin-platelet clot determines the mass of 
the infarct Zone and the eXtent of damage. 

[0004] A. Treatment for Myocardial Infraction 

[0005] The primary goal of current treatment for myocar 
dial infarction involves the rapid dissolution of the occlud 
ing thrombus and the restoration of blood ?oW ( “reperfu 
sion”). An agent Which is capable of selectively binding to 
and affecting may enhance thrombolysis and may decrease 
the risk of general hemorrhage to the patient. A successful 
therapy must be capable of sustained effect so that reforma 
tion of the clot does not occur after the cessation of therapy. 
If the ?brin-platelet clot is able to reform, then the affected 
artery may become reoccluded. 

[0006] The formation of ?brin-platelet clots in other parts 
of the circulatory system may be partially prevented through 
the use of anti-coagulants (such as heparin). Unfortunately, 
heparin has not been found to be universally effective in 
preventing reocclusion in myocardial infarction victims in 
Which the degree of blood vessel occlusion (the degree of 
“stenosis”) is greater than or equal to 70%, particularly in 
those patients With severe residual coronary stenosis. 

[0007] If an individual has formed a ?brin-platelet clot 
prior to the availability of medical assistance, the clot may 
be dissolved through the use of thrombolytic agents. A 
thrombolytic agent is a medicament capable of lysing the 
?brin-platelet thrombus, and thereby permitting blood to 
again How through the affected blood vessel. Such agents 
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include, but are not limited to, streptokinase, prourokinase, 
urokinase, staphylokinase and tissue-type plasminogen acti 
vator (GanZ, W. et al., J. Amer. Coll. Cardiol. 1:1247-1253 
(1983); Rentrop, K. P. et al.,Amer'. J. Cardiol. 54:29E-31E 
(1984); Gold, H. K. et al.,Amer. J. Cardiol. 53:122C-125C 
(1984)). 
[0008] B. Mechanism of Fibrin Clot Formation 

[0009] Clots are composed of both ?brin and blood plate 
lets in various ratios. The fundamental reaction in blood 
clotting involves the conversion of a soluble plasma protein 
(?brinogen) into insoluble ?brin. The conversion of ?brino 
gen into ?brin is catalyZed by the enZyme, thrombin, Which 
is a serine protease. Fibrin chains are crosslinked to each 
other by activated Factor XIII. Similarly activated Factor 
XIII crosslinks ot2-AP to ?brin, concentrating the inhibitor 
on the clot surface. These tWo crosslinking events render the 
?brin clot highly resistant to lysis. The general mechanism 
of blood clot formation is revieWed by Ganong, W. F. (In: 
Review of Medical Physiology, 9 ed., Lange, Los Altos, 
Calif., pp. 411-414 (1979)). Platelets are disk-shaped struc 
tures present in blood. They contribute to clot formation by 
both their incorporation With ?brin into an insoluble mass 
and by their enhancement of the rate of ?brinogen to ?brin 
conversion and by providing Factor XIII to enhance ?brin/ 
ot2-AP crosslinking. Platelets contribute to clot formation in 
myocardial infarction and are a major component of clots 
that reocclude coronary arteries that have been reperfused by 
treatment With a thrombolytic agent. 

[0010] C. Mechanism of Clot Lysis and Natural Inhibition 
Thereof 

[0011] Clot lysis is mediated by plasmin in vivo. Under 
natural conditions, plasminogen is converted to plasmin by 
tissue plasminogen activator (t-PA). Activation occurs on the 
?brin surface, thus con?ning proteolytic activity to the 
appropriate site. After plasmin is set free into the circulation, 
it is rapidly combined With natural inhibitors. Inactivation of 
plasmin is the ?nal and necessary step in the process of 
protecting against undesirable proteolysis. Such plasmin 
inhibitors include ot2-antiplasmin, ot2-macroglobulin and 
ot1-antitrypsin, all glycoproteins. ot2-antiplasmin has a 
much higher af?nity for plasmin than ot2-macroglobulin and 
binds speci?cally to plasmin in a 1:1 ratio. The larger pool 
of ot-macroglobulin acts as a reservoir inhibitor. Kane, K. K., 
Ann. Clin. Lab. Sci. 14:443-449 (1984). Thus, clot lysis by 
the administration of plasminogen activators is limited by 
the rapid and irreversible inactivation of plasmin by plasmin 
inhibitors. 

[0012] ot2-antiplasmin has three functional domains: the 
reactive site for plasmin, the plasmin(ogen) or LBS-binding 
site [complementary to the LBS (lysine-binding site) of 
plasmin(ogen)], and the cross-linking site for ?brin. 
Mimuro, J. et al., Blood 69:446-453 (1987). Mimuro et al. 
disclose antibodies to ot2-antiplasmin, one of Which (JPTI-1) 
Was speci?c to the reactive site of ot2-antiplasmin and 
prevented formation of ot2-antiplasmin-plasmin compleXes, 
thereby inhibiting antiplasmin activity. HoWever, Mimuro et 
al. do not teach administration of the JPTI-1 antibody to 
enhance clot lysis. Other antibodies speci?c for ot2-antiplas 
min are taught by How, E. F. et al.,J. Biol. Chem. 255:2902 
2906 (1980); Wimen, B. et al., Scan. J. Clin. Lab. Invest. 
43:27-33 (1983); Hattey, E. et al., Thromb. Res. 45:485-495 
(1987); Collen, US. Pat. No. 4,346,029 (1980); and Collen, 
US. Pat. No. 4,198,335 (1980). 
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[0013] D. ot2-Antiplasmin Crosslinked to Fibrin 

[0014] During clotting, ot2AP is crosslinked to ?brin by 
Factor XIIIa. Aoki and colleagues have demonstrated that 
this crosslinking of ot2AP to ?brin is important in preventing 
the “endogenous ?brinolysis” that occurs When ?brin-bound 
plasminogen is activated by ?brin-bound, endogenous, plas 
minogen activator (Aoki, N. et al., Blood 62:1118-1122 
(1983)). This crosslinking may serve as a means of concen 
trating ot2AP at the alpha chain site Where ?brin appears 
particularly vulnerable to attach by plasmin (PiZZo, S. V. et 
al., J. Biol. Chem. 248:4574-4583 (1973)). Plasma clots 
de?cient in crosslinked ot2AP undergo a spontaneous lysis 
When suspended in buffer or plasma containing normal 
amounts of ot2AP; the rate of lysis is proportional to the 
amount of ot2AP incorporated into the clot (Sakata, Y. and 
Aoki, N., J. Clin. Invest. 69:536-542 (1982)). In a similar 
fashion, the crosslinking of ot2AP to ?brin may be inhibited 
by a 0.13 mM concentration of a peptide that represents the 
12 amino-terminal residues of ot2AP (Kimura, S. et al., 
Blood 66:157-160 (1985)). This inhibition of crosslinking 
results in clots that lyse more readily upon exposure to 
?brinolytic agents. In thrombolytic situations, ?brin-bound 
ot2AP may be the most important inhibitor of clot lysis; 
Whereas the chief role of soluble ot2AP may be to prevent 
circulating plasmin from degrading other clotting factors. 
[0015] Work With antibody RWR, has con?rmed the 
importance of ot2AP crosslinking in stabiliZing the clot 
against lysis (Reed et al., Proc. Natl. Acad. Sci. USA 
87:1114-1118 (1990), Reed et al., Circulation 82:164-168 
(1990)). For example, in experiments using compressed and 
Washed plasma clots (to clear aWay unbound ot2AP), RWR 
alone causes the clots to undergo spontaneous lysis (Reed et 
al., Proc. Natl. Acad. Sci. USA 87:1114-1118 (1990). This 
spontaneous lysis is probably due to uninhibited plasmin 
generated by ?brin-associated t-PA’s action on ?brin bound 
plasminogen as has been suggested for ot2AP de?ciency 
(Aoki, N. et al., Blood 62: 1118-1122 (1983)). In crosslinking 
to ?brin, ot2AP forms a neW epitope that is unique to clots. 

[0016] An antibody that exclusively inhibits ot2AP 
crosslinked to ?brin can be used to target plasminogen 
activators to a clot as Well as to amplify their thrombolytic 
effects. Since antiplasmin crosslinked to ?brin is present in 
small quantities and only at the clot surface, such an 
antibody is the ideal inhibitor: it prolongs the half like of 
plasmin proximity to the clot While not interfering With the 
inactivation of circulating plasmin by soluble ot2AP. As such 
it could not cause systemic thrombolysis. Such an agent can 
induce an ultra-speci?c ot2AP de?ciency at the site of the 
clot. In doing so, it could augment the normal clot lysis 
initiated by endogenous t-PA, and reproduce the spontane 
ous thrombolysis noted in studies of ot2AP de?ciency. If the 
antibody Were given With a clot-speci?c agent such as t-PA, 
even more speci?c lysis Would be obtained than has previ 
ously been seen. In addition, because of its combined 
speci?city for the clot, and its capacity to simultaneously 
inhibit ?brin-crosslinked ot2AP, this antibody Would be 
extremely useful as a means of targeting plasminogen acti 
vators to the clot. Accordingly, the present invention pro 
vides antibodies Which bind to and inhibit ot2AP crosslinked 
to ?brin, but do not inhibit soluble ot2AP. 

[0017] E. Summary 
[0018] In summary, a substantial goal of therapies aimed 
at treating myocardial infarction involves limiting necrosis 
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by permitting early reperfusion and by preventing reocclu 
sion. At present, this goal is partially achieved through the 
administration of thrombolytic agents capable of dissolving 
the potentially life-threatening ?brin-platelet clots. The 
potential bene?t of employing such agents is, hoWever, 
signi?cantly offset by their lack of ?brin speci?city (as in the 
case of streptokinase and urokinase), or by their relatively 
short biological half-life caused by plasmin inhibitors 
(Which may result in reformation of the ?brin clot, and the 
accompanying reocclusion of the affected blood vessels). 
Hence, a need exists for an improvement in thrombolytic 
therapy Which speci?cally enhances clot lysis, While mini 
miZing ?brinogen breakdoWn and preventing reocclusion of 
the affected coronary artery. 

SUMMARY OF THE INVENTION 

[0019] It is a general object of the invention to provide a 
method for treating myocardial infarction or a blood clot 
Within a patient. 

[0020] It is a speci?c object of the invention to provide a 
method for treating myocardial infarction or a blood clot 
Within a patient comprising administering to the patient a 
therapeutically effective amount of an antibody or fragment 
thereof capable of binding ot2-antiplasmin crosslinked to 
?brin Wherein the antibody does not inhibit plasma ot2-an 
tiplasmin. 
[0021] It is another speci?c object of the invention to 
provide a method of treatment for myocardial infarction or 
blood clots Within a patient Which comprises co-adminis 
tering to the patient: 

[0022] (a) an antibody or fragment thereof capable of 
binding otc2-antiplasmin crosslinked to ?brin in a 
therapeutically effective amount Wherein the anti 
body does not inhibit plasma ot2-antiplasmin; and 

[0023] (b) a thrombolytic agent in an amount suf? 
cient to either dissolve a ?brin-platelet clot or (ii) 
inhibit the formation of a ?brin-platelet clot. 

[0024] It is a further speci?c object of the invention to 
provide a monoclonal antibody or fragment thereof Wherein 
the antibody or fragment thereof is capable of binding 
ot2-antiplasmin crosslinked to ?brin and does not inhibit 
plasma ot2-antiplasmin. 
[0025] It is another speci?c object of the invention to 
provide a kit useful for carrying out the above-described 
methods, comprising a carrier means being compartmen 
tiliZed in close con?nement to receive tWo or more container 
means therein, Which comprises: 

[0026] (1) a ?rst container means containing a thera 
peutically effective amount of the above-described 
antibody or fragment thereof; and 

[0027] (2) a second container containing a therapeu 
tically effective amount of a thrombolytic agent. 

[0028] Further objects and advantages of the present 
invention Will be clear from the description that folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1. Binding of monoclonal antibodies to clots 
in the presence of an excess of soluble ot2-antiplasmin. 
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[0030] FIG. 2. Binding of (x2AP-FX monoclonal antibod 
ies to ?brinogen. 

[0031] FIG. 3. Clot lysis by (x2AP-FX monoclonal anti 
bodies. 

[0032] FIG. 4. Inhibition of soluble (XZAP by (x2AP-FX 
monoclonal antibodies. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] The present invention is directed to a method for 
treating myocardial infarction or a blood clot Within a 
patient comprising administering to the patient a therapeu 
tically effective amount of an antibody or fragment thereof 
capable of binding (x2-antiplasmin crosslinked to ?brin 
Wherein the antibody does not inhibit plasma (x2-antiplas 
mm. 

[0034] The present invention also involves a method of 
treatment for myocardial infarction or blood clots Within a 
patient Which comprises co-administering to the patient: (a) 
a therapeutically effective amount of an antibody or frag 
ment thereof capable of binding (x2-antiplasmin crosslinked 
to ?brin Wherein the antibody does not inhibit plasma 
(x2-antiplasmin; and (b) a thrombolytic agent in an amount 
sufficient to either dissolve a ?brin-platelet clot or (ii) 
inhibit the formation of a ?brin-platelet clot. 

[0035] Blood clots Which may be treated according to the 
methods of the invention include, but are not limited to 
pulmonary thromboembolism, deep venous thrombosis, 
cerebral embolism, renal vein and peripheral arterial throm 
bosis, and the like. 

[0036] Antibody fragments include F(ab‘)2 or F(ab) mol 
ecules, as Well as any fragment capable of binding to 
(x2-antiplasmin crosslinked to ?brin Wherein the antibody 
fragment does not inhibit plasma (x2-antiplasma. Preferably, 
the antibody or fragment thereof is substantially puri?ed 
and/or isolated. 

[0037] The antibodies or fragments thereof of the present 
invention can be monoclonal antibodies or fragments 
thereof. It is preferable to employ the F(ab‘)2 fragment of 
such an antibody for this purpose, in order to minimiZe any 
immunological reaction caused by the Fc portion of the 
immuno-globulin. Procedures for preparing monoclonal 
antibodies are disclosed by KaproWski, H. et al. (US. Pat. 
No. 4,172,124); and Kohler et al. (Nature 256:495-497 
(1975)). More speci?cally, the preparation of monoclonal 
antibodies capable of preventing the inhibition of plasmin 
are taught by Mimuro, J. et al., Blood 69:446-453 (1987). 

[0038] Another method for obtaining the monoclonal anti 
bodies of the present invention is to use peptide immuno 
gens Which mimic the unique crosslinked (x2AP-FX epitope. 
For eXample, it is possible to synthesiZe a peptide containing 
the (x2AP-FX crosslink as shoWn beloW: 

Asn-Gln-Glu-Gln-Val-Ser-Pro (OLZAP 1-7) 

Thr-Trp-Lys-Pro-Gly-Ser-Ser (a chain 301-3307) 

[0039] To synthesiZe this crosslinked sequence, the com 
bined Boc and F-moc strategy Would be used. Apeptide that 
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imitates the gamma-gamma chain crosslink of ?brin has 
been used successfully as an immunogen to generate anti 
bodies that speci?cally recogniZe the gamma-gamma 
crosslink site in ?brin (Matsueda, G. R. et al., FASEB J. 
2:A1411 (1988)). Once synthesiZed, the (x2AP-?brin 
crosslink peptide Will be coupled to keyhole limpet 
hemocyanin. It Will then be used as an immunogen. In a 
preferred embodiment, the antibody or fragment thereof is 
capable of binding a peptide comprising the (x2AP-FX 
crosslink as shoWn beloW: 

Asn-Gln-Glu-Gln-Val-Ser-Pro (OLZAP 1-7) 

Thr-Trp-Lys-Pro-Gly-Ser-Ser (a chain 301-3307) 

[0040] The invention also provides hybridomas Which are 
capable of producing the above-described antibodies. A 
hybridoma is an immortaliZed cell line Which is capable of 
secreting a speci?c monoclonal antibody. 

[0041] The terms “thrombolytic agent” are meant to refer 
to any agent capable of either dissolving a ?brin-platelet 
clot, or inhibiting the formation of such a clot. EXamples of 
thrombolytic agents include streptokinase, prourokinase, 
urokinase, and tissue-type plasminogen activator. Use of 
t-PA for these purposes is especially preferred. Although 
natural t-PA may be employed, it is preferable to employ 
recombinant t-PA. The invention may additionally employ 
hybrids, physiologically active fragments or mutant forms of 
the above thrombolytic agents. The term “tissue-type plas 
minogen activator” as used herein is intended to include 
such hybrids, fragments and mutants, as Well as both natu 
rally derived and recombinantly derived tissue-type plasmi 
nogen activator. 

[0042] By the term “o-administering” is intended that each 
of the antibody or fragment thereof and thrombolytic agent 
Will be administered during a time frame Wherein the 
respective periods of pharmacological activity overlap. The 
tWo agents can be administered simultaneously or sequen 
tially. 
[0043] As stated, the methods of the invention comprise 
the administration of the antibody or fragment thereof alone 
or in combination With a thrombolytic agent. When admin 
istered alone the antibody may enhance in vivo thrombolysis 
by signi?cantly augmenting clot lysis by endogenous plas 
minogen activators. Alternatively, the antibody or fragment 
thereof is administered With a thrombolytic agent. In this 
embodiment, the antibody or fragment thereof and the 
thrombolytic agent of the present invention are intended to 
be co-administered to the recipient. It is preferable to 
provide the antibody or fragment thereof to the patient prior 
to the administration of the thrombolytic agent. It is most 
preferable to provide the antibody or fragment thereof 45 
minutes, preferably 30 minutes, prior to the administration 
of the thrombolytic agent. 

[0044] When used alone, an amount of the antibody or 
fragment thereof capable of enhancing clot lysis When 
provided to a patient is a “therapeutically effective” amount. 
In order to enhance clot lysis and prevent clot reformation, 
it is desirable to provide betWeen 3 to 100 nmole of antibody 
or fragment thereof per kilogram of patient Weight, and most 
preferably betWeen 3 to 6 nmole of antibody or fragment 
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thereof per kilogram of patient Weight. This dosage may be 
administered, in one embodiment, over a period of betWeen 
60 to 480 minutes, by continual intravenous infusion at a 
rate of 010-10 mg/kg min. Alternatively, it is possible to 
provide the antibody or fragment thereof in an intravenously 
inj ectable bolus at a dose of betWeen 3 to 100 nmole/kg, and 
most preferably betWeen 3 to 6 nmole (of antibody or 
fragment thereof) per kilogram of patient Weight. If the 
antibody or fragment thereof is provided in this manner, a 
single bolus is suf?cient to prevent potential clot reforma 
tion. The antibody or fragment thereof of the present inven 
tion may be dissolved in any physiologically tolerated liquid 
in order to prepare an injectable bolus. It is preferable to 
prepare such a bolus by dissolving the antibody or fragment 
thereof in normal saline. 

[0045] When the antibody or fragment thereof is co 
administered With a thrombolytic agent, it is desirable to 
provide betWeen 3 to 100 nmole of antibody or fragment 
thereof per kilogram of patient Weight, and most preferably 
betWeen 3 to 6 nmole of antibody or fragment thereof per 
kilogram of patient Weight. This dosage may be adminis 
tered, in one embodiment, over a period of 60 to 480 
minutes, by continuous intravenous infusion. Alternatively, 
it is possible to provide the antibody or fragment thereof in 
an intravenously injectable bolus at a dose of betWeen 3 to 
100 nmole/kg, more preferably 3 to 6 nmole/kg, and most 
preferably betWeen 1 to 3 nmole/kg of patient Weight. An 
amount of thrombolytic agent capable of causing such lysis 
is a “therapeutically effective” amount. The thrombolytic 
agent of the present invention is preferably provided at a 
dose of betWeen 0.5 to 1.0 mg per kg of patient Weight. In 
one embodiment, the thrombolytic agent is provided over a 
prolonged period (i.e., from about 180 to about 1440 min 
utes). In a preferred embodiment, the thrombolytic agent of 
the present invention is provided as an intravenously 
injected bolus containing betWeen 0.5 to 1.0 mg/kg, and 
most preferably betWeen 0.5 to 0.75 mg/kg. The throm 
bolytic agent of the present invention may be dissolved in 
any physiologically tolerated liquid in order to prepare an 
injectable bolus. It is, hoWever, preferable to prepare such a 
bolus by dissolving the thrombolytic agent in normal saline. 

[0046] A patient treated according to the preferred 
embodiment Will, therefore, receive an intravenously 
injected bolus of the antibody or fragment thereof in com 
bination With an intravenously injected bolus of the throm 
bolytic agent. This preferred treatment minimiZes the 
amount of t-PA required for thrombolysis, thus reducing the 
extent of ?brinogen breakdoWn and lessening any tendency 
for general hemorrhage. Importantly, the use of the preferred 
treatment results in the dissolution of the occluding throm 
bus at a rate Which greatly exceeds the rate of thrombus 
dissolution When either the antibody (or fragment thereof) or 
the thrombolytic agent is provided by infusion. Additionally, 
the risk of reocclusion is substantially reduced. 

[0047] As Would be apparent to one of ordinary skill in the 
art, the required dosage of the antibody (or fragment thereof) 
or thrombolytic agent Will depend upon the severity of the 
condition of the patient, and upon such criteria as the 
patient’s height, Weight, sex, age, and medical history. 

[0048] The antibody (or fragment thereof) or thrombolytic 
agent of the present invention can be formulated according 
to knoWn methods to prepare pharmaceutically useful com 
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positions, such as by admixture With a pharmaceutically 
acceptable carrier vehicle. Suitable vehicles and their for 
mulation are described, for example, in Remington ’s Phar 
maceutical Sciences (16th Ed., Osol, A. (ed.), Mack, Easton 
Pa. (1980)). In order to form a pharmaceutically acceptable 
composition suitable for effective administration, such com 
positions Will contain an effective amount of the antibody (or 
fragment thereof) or thrombolytic agent, either alone, or 
With a suitable amount of carrier vehicle. 

[0049] Additional pharmaceutical methods may be 
employed to control the duration of action. Controlled 
release preparations may be achieved by the use of polymers 
to complex or absorb the antibody (or fragment thereof) or 
thrombolytic agents of the present invention. The controlled 
delivery may be exercised by selecting appropriate macro 
molecules (for example, polyesters, polyamino acids, poly 
vinyl pyrrolidone, ethylenevinylacetate, methylcellulose, 
carboxymethylcellulose, or protamine sulfate). The rate of 
drug release may also be controlled by altering the concen 
tration of such macromolecules. Another possible method 
for controlling the duration of action comprises incorporat 
ing the therapeutic agents into particles of a polymeric 
substance such as polyesters, polyamino acids, hydrogels, 
poly(lactic acid) or ethylene vinylacetate copolymers. Alter 
natively, it is possible to entrap the therapeutic agents in 
microcapsules prepared, for example, by coacervation tech 
niques or by interfacial polymeriZation, for example, by the 
use of hydroxymethylcellulose or gelatin-microcapsules or 
poly(methylmethacrylate) microcapsules, respectively, or in 
a colloid drug delivery system, for example, liposomes, 
albumin microspheres, microemulsions, nanoparticles, 
nanocapsules, or in macroemulsions. Such teachings are 
disclosed in Remington’s Pharmaceutical Sciences (1980). 

[0050] The antibody (or fragment thereof) or thrombolytic 
agent may be provided to a patient by means Well knoWn in 
the art. Such means of introduction include oral means, 
intranasal means, subcutaneous means, intramuscular 
means, intravenous means, intra-arterial means, or 
parenteral means. In the most preferred method of treatment 
for myocardial infarction, a patient is provided With a bolus 
(intravenously injected) containing betWeen 0.5 to 1.0 
mg/kg. 
[0051] By virtue of their recognition of ot2AP crosslinked 
to ?brin, the antibodies of the present invention Will be 
thrombus-speci?c, and are useful for targeting plasminogen 
activators to the clot; the diagnostic detection of thrombi; 
inhibiting the reversible crosslinking of ot2AP to ?brin and 
thus should secondarily increase thrombolysis; and these 
MAbs should also interfere With the inactivation of plasmin 
by ot2AP, and thus markedly amplify the effects of endog 
enous or administered plasminogen activators. 

[0052] The present invention also provides a method of 
detecting the presence of a clot (more speci?cally, a ?brin 
platelet clot) in a biological sample, comprising: (a) con 
tacting the sample With the above-described antibody 
Wherein the antibody is speci?c for an antigenic determinant 
characteristic of the clot, under conditions such that binding 
of the antibody to the antigenic determinant occurs, and (b) 
detecting the presence of the antibody bound to the antigenic 
determinant, the binding being related to the presence of a 
clot in the sample. 

[0053] The present invention further provides a method of 
diagnosing the presence of a clot in a patient comprising 
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administering to the patient a conjugate comprising: (a) the 
above-described antibody or fragment thereof, linked 
directly or indirectly to (b) a moiety capable of being 
detected by a source external to the patient, and detecting the 
presence of the detectable moiety. 

[0054] The present invention is described in further detail 
in the folloWing non-limiting examples. 

EXAMPLE 1 

Preparation of ot2AP-Fx Immunogen 

[0055] Typically 100 to 1000 ml of pooled plasma Was 
clotted With 20 mM CaCl2 and 100 united of thrombin 
overnight at 37° C. The clot Was Washed With TBSA 
containing 2 mM CaCl2, 100 mM EACA and 1 mM 
iodoacetamide until the A280 Was less than 0.03. Then 1 mg 
of thermolysin in 10 ml of 0.1 M Na Borate pH 7.2 With 2 
mM CaCl2 Was added. The clot Was incubated at 370 until 
it Was visibly digested. Then it Was centrifuged at 4000 rpm 
for 15 minutes and the supernatant Was ?ltered through a 5 
uM ?lter. Subsequently, it Was incubated With polyclonal 
rabbit anti-ot2AP agarose, or RWR agarose for 2 hours at 
room temperature. After Washing With PBS With 0.5 M NaCl 
until the (x280 Was <0.02, the bound ot2AP-Fx fragments 
Were eluted With 0.2 M glycine pH 2.8 and neutraliZed With 
1.0 M Tris, pH 8.0. 

EXAMPLE 2 

Generation of Monoclonal Antibodies 

[0056] Mice Were repeatedly immuniZed subcutaneously 
With approximately 50 ug of puri?ed ot2AP-Fx antigen. 
Somatic cell fusion Was performed as described (Reed et al. 
Proc. NatLAcaa'. Sci. USA 87:1114-1118 (1990)). Hybrido 
mas shoWing binding Were then rescreened for their ability 
to bind to ot2AP crosslinked to ?brin in Washed clots in the 
presence of a 10-fold excess of plasma supernatant contain 
ing soluble antiplasmin as an inhibitor. After Washing the 
clots and removing the plasma supernatant, bound antibody 
Was detected by the addition of 125I-goat antimouse anti 
body. MAbs shoWing no signi?cant inhibition by plasma 
Were selected for further study. FIG. 1 demonstrates that 
these MAbs (1E2, 3G2, 7D3) bound to clots at a level 
comparable to that of a speci?c anti?brin antibody (59D8) 
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and to a much greater extent than did the antibody to both 
soluble and ?brin crosslinked ot2-antiplasmin (RWR). 

[0057] To verify that the MAbs obtained did not bind to 
?brinogen solid phase binding experiments Were performed 
(FIG. 2). Wells of a microtiter plate Were coated With 
puri?ed ?brinogen or a control antigen. The hybridoma 
supernatant Was then incubated in these Wells for one hour. 
After Washing the amount of bound antibody Was deter 
mined by the addition of 125I-goat antimouse antibody. The 
speci?c binding of these antibodies to ?brinogen Was com 
pared to a positive control (anti?brinogen MAb 4A5, and 
anti?brin 59D8) and a negative control MAb (RWR). These 
MAbs appeared to shoW little or not signi?cant binding to 
this ?brinogen preparation. 

[0058] Clot lysis assays Were performed to determine 
Whether these MAbs could inhibit ot2AP crosslinked to 
?brin. Plasma (100 ul) Was clotted With trace amounts of 
radiolabelled ?brinogen. Then hybridoma supernatants (in 
triplicate) Were added to each clot With 1 unit of t-PA. The 
clots Were incubated overnight and the amount of lysis Was 
compared to RWR (positive control) and buffer alone (nega 
tive control). Compared to the negative control, hybridomas 
1E2, 4H6 and 3G2 accelerated clot lysis at levels Which Were 
comparable to the other MAb RWR (FIG. 3). 

[0059] Given that the MAbs appeared to enhance clot lysis 
by inhibiting ot2AP-Fx, it Was next tested Whether they 
could inhibit soluble ot2AP in plasma. A standard ot2AP 
assay Was performed essentially as previously described 
using the Stachrom kit (Reed et al., Circulation 82:164-168 
(1990)), except that hybridoma culture supernatants Were 
added as inhibitors. FIG. 4 shoWs that RWR signi?cantly 
inhibited the ot2AP in plasma but 3G2 and 1E2 had no 
signi?cant inhibitory effect on soluble ot2AP. 

[0060] All publications mentioned hereinabove are hereby 
incorporated in their entirety by reference. 

[0061] While the foregoing invention has been described 
in some detail for purposes of clarity and understanding, it 
Will be appreciated by one skilled in the art from a reading 
of this disclosure that various changes in form and detail can 
be made Without departing from the true scope of the 
invention and appended claims. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: 2 

<2 10> SEQ ID NO 1 
<2ll> LENGTH: 7 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: epitope 

<400> SEQUENCE: l 

Asn Gln Glu Gln Val Ser Pro 
1 5 

<2 10> SEQ ID NO 2 
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-continued 

<2ll> LENGTH: 7 
<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: epitope 

<400> SEQUENCE: 2 

Th]: Trp Lys Pro Gly Ser Ser 
1 5 

What is claimed is: 
1. A method for treating myocardial infarction or a blood 

clot Within a patient comprising administering to said patient 
a therapeutically effective amount of an antibody or frag 
ment thereof capable of binding (x2-antiplasmin crosslinked 
to ?brin Wherein said antibody does not inhibit plasma 
(x2-antiplasmin. 

2. The method according to claim 1, Wherein said anti 
body or fragment thereof is administered by continuous 
intravenous infusion at a dose of 3 to 100 nmole/kg body 
Weight of patient. 

3. The method according to claim 1, Wherein said anti 
body or fragment thereof is administered by bolus at a dose 
of 3 to 100 nmole/kg body Weight of patient. 

4. The method according to claim 3, Wherein said anti 
body is a monoclonal antibody. 

5. The method according to claim 4 Wherein said mono 
clonal antibody is selected from the group consisting of 1F2, 
3G2, and 7D3. 

6. A method of treatment for myocardial infarction or 
blood clots Within a patient Which comprises co-adminis 
tering to said patient: 

(a) an antibody or fragment thereof capable of binding 
(x2-antiplasmin crosslinked to ?brin in a therapeutically 
effective amount Wherein said antibody does not inhibit 
plasma (x2-antiplasmin; and 

(b) a thrombolytic agent in an amount suf?cient to either 
(i) dissolve a ?brin-platelet clot or (ii) inhibit the 
formation of a ?brin-platelet clot. 

7. The method according to claim 6, Wherein both said 
antibody or fragment thereof (a) and said thrombolytic agent 
(b) are provided to said patient by an intravenous infusion. 

8. The method according to claim 6, Wherein both said 
antibody or fragment thereof (a) and said thrombolytic agent 
(b) are provided to said patient by an intravenously injected 
bolus. 

9. The method according to claim 6, Wherein said patient 
is provided With a ?rst bolus containing said antibody or 
fragment thereof (a) and a subsequently administered second 
bolus containing said thrombolytic agent 

10. The method according to claim 6, Wherein said 
thrombolytic agent is selected from the group consisting of 
streptokinase, prourokinase, urokinase, staphylokinase, and 
tissue-type plasminogen activator. 

11. The method according to claim 10, Wherein said 
thrombolytic agent is tissue-type plasminogen activator. 

12. The method according to claim 6, Wherein: 

(1) said antibody or fragment thereof (a) is provided to 
said patient at a dose of betWeen 3 to 6 nmole per kg 
of patient Weight; and 

(2) said thrombolytic agent (b) is provided to said patient 
at a dose of betWeen 0.5 to 1.0 mg per kg of patient 
Weight. 

13. The method according to claim 6, Wherein: 

(1) said antibody or fragment thereof (a) is provided to 
said patient at a dose of betWeen 3 to 6 nmole per kg 
of patient Weight; and 

(2) said thrombolytic agent (b) is provided to said patient 
at a dose of betWeen 0.5 to 0.75 mg per kg of patient 
Weight. 

14. The method according to claim 13, Wherein said 
antibody is a monoclonal antibody. 

15. The method according to claim 14, Wherein said 
monoclonal antibody is selected from the group consisting 
of 1F2, 3G2, and 7B3. 

16. A monoclonal antibody or fragment thereof Wherein 
said antibody or fragment thereof is capable of binding 
(x2-antiplasmin crosslinked to ?brin and does not inhibit 
plasma (x2-antiplasmin. 

17. The antibody according to claim 16, Wherein said 
antibody is selected from the group consisting of 1F2, 3G2, 
and 7B3. 

18. A kit useful for carrying out the method of claim 6, 
comprising a carrier means being compartmentalized in 
close con?nement to receive tWo or more container means 

therein, Which comprises: 

(1) a ?rst container means containing a therapeutically 
effective amount of said antibody or fragment thereof 
(a); and 

(2) a second container containing a therapeutically effec 
tive amount of said thrombolytic agent 

19. The kit according to claim 18, Wherein said antibody 
is a monoclonal antibody. 

20. The kit according to claim 19, Wherein said mono 
clonal antibody is selected from the group consisting of 1F2, 
3G2, and 7B3. 

21. The kit according to claim 18, Wherein said throm 
bolytic agent is selected from the group consisting of 
streptokinase, prourokinase, urokinase, staphylokinase, and 
tissue-type plasminogen activator. 

22. The kit according to claim 21, Wherein said throm 
bolytic agent is tissue-type plasminogen activator. 

23. Amethod of detecting the presence of a ?brin-platelet 
clot in a biological sample, comprising: 

(a) contacting said sample With the antibody according to 
claim 16 Wherein said antibody is speci?c for an 
antigenic determinant characteristic of said clot, under 
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conditions such that binding of said antibody to said 
antigenic determinant occurs, and 

(b) detecting the presence of said antibody bound to said 
antigenic determinant, said binding being related to the 
presence of a clot in said sample. 

24. A method of diagnosing the presence of a clot in a 
patient comprising administering to said patient a conjugate 
comprising: 
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(a) the antibody or fragment thereof, according to claim 
16, linked directly or indirectly to 

(b) a moiety capable of being detected by a source 
external to said patient, 

and detecting the presence of said detectable moiety. 


